b

o P et

NACA TN 5052 €SEE

—

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

- Bl

TECHNICAL NOTE 3052

THE EFFECT OF VERTICAL CHINE STRIPS ON THE PLANING
CHARACTERISTICS OF V-SHAPED PRISMATIC SURFACES
HAVING ANGLES OF DEAD RISE OF 20° AND 40°
By Walter J. Kapryan and George M. Boyd, Jr.

Langley Aeronautical Laboratory
Langley Field, Va.

Washington '
November 1953

AEW.C

A A LR N A T
Ul=IUads e de 3B v uuarylt )

f =y el w]
AFL 2\? A



TECH LIBRARY KAFB, NM

L L

NATTONAL ADVISORY COMMITTEE FOR AERONAUTTU 00bb2k3

TECHNICAL NOTE 3052

THE EFFECT OF VERTICAL CHINE STRIPS ON THE PLANING
CHARACTERISTICS OF V-SHAPED PRISMATIC SURFACES
HAVING ANGIES OF DEAD RISE OF 20° AND Lo°

By Walter J. Kapryan and George M. Boyd, Jr.
SUMMARY

The effect of vertical chine strips on the planing characteristics
of two prismatic surfaces having angles of dead rise of 20° and 40° has
been determined as part of a general research investigation on planing
surfaces. Wetted lengths, resistance, and center-of-pressure location
were determined at speed coefficients up to 25.0, load coefficients up to
approximately 80.0, and trims up to 30°. In addition, comparisons of
the more important planing characteristics are made with those for re-
lated surfaces having angles of dead rise of 0°, 20°, and 409, and for
surfaces having angles of dead rise of 20° and L40° with horizontal chine
flare. These comparisons show that vertical chine strips are a more
effective means of increasing the 1ift of a given surface than horizontal
chine flare is. This increase in 1lift, however, is accompanied by a sub-
stantial increase in drag so that the lifting efficiency of the vertically
flared surface is comparable to one having horizontal chine flare.

INTRODUCTION

A general program of research on the planing characteristics of a
series of related prismatic surfaces has been undertaken by the National
Advisory Committee for Aeronautics and is described in reference 1. The
primary objective of this program is an extension of the range of experi-
mental data on planing surfaces to cover the high trims and loads of
significance in the design of high-speed water-based aircraft.

As part of this general program a detailed experimental investiga-
tion has been made to determine the effect of vertical chine strips on
the planing characteristics of prismatic surfaces having angles of dead
rise of 20° and 40°, Vertical chine strips are of particular interest
because of their favorable effects on spray characteristics and on 1ift
of prismatic surfaces.
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This paper presents 1lift and drag coefficients and center-of-pressure
location for these two models for Froude numbers up to 25.0, trims up to
300, and wetted-length—Dbeam ratios up to 7.0. A general comparison of
the data for surfaces with vertical chine strips is made with data for
simple surfaces having angles of dead rise of 0°, 20°, and 40° (refs. 2
and 3) and for surfaces having angles of dead rise of 20° and 40° with
horizontal chine flare (refs. 1 and 4).

SYMBOLS
b beam of planing surface including chine strips, 0.344 £t
b! beam of planing surface exclusive of chine strips, 0.333 ft
R
C drag coefficient based on square of beam
Dy, £ qu ) £V2b2
2
R “pp
Cp drag coefficient based on principal wetted area, —— =
S _p_vzs Zm7b
2
Ce skin-friction coefficient, DLE- =
Esfvm
im
cos B 0052T (C _ CLb tan 1> b
L Dy
m m b
—ScosT -C + 2 ch+ t
I T cos B 5
. A _oCl
C lift coefficient based on square of beam, 2 5
"o B2 oy
2
A %
CLS 1lift coefficient based on principal wetted area, -—=— = —b_
Pyes  1/p
2
Cr resistance coefficient, R/Wb3
CV speed coefficient or Froude number, V//eb
c load coefficient, A/wb3
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friction, parallel to planing surface, 1b
acceleration due to gravity, 32.2 ft/sec2
inside depth of chine strip, ft

chine wetted length, ft

keel wetted length, £t

lk + Zc

mean wetted length, 5

, £t

center-of-pressure location (measured along keel forward of

trailing edge), M , £t
AcosT + RsinT

trimming moment ebout trailing edge of model at keel, ft-1b
horizontal resistance, 1b

Reynolds number, Vp,l./v

principal wetted area (bounded by trailing edge, chines, and
heavy spray line) projected on plane parallel to keel, [ 3

sq ft

lyb!
actual wetted area aft of heavy spray line, cgé g + 21a(h + t)

thickness of chine strip, ft

horizontal velocity, fps

C
mean velocity over surface, \//;2<l~_ 7__Eb___
Locos T
b

specific weight of water, 1b/cu ft

angle of dead rise, deg

vertical load, 1b

kinematic viscosity, ftg/sec
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o) mass density of water, slugs/cu ft

T trim (angle between keel and horizontal), deg
DESCRTPTION OF MODELS

The models and their cross sections with pertinent dimensions are
shown in figures 1 and 2. The basic angles of dead rise are 20° and
h0°, respectively, and the angles of dead rise to the inner edge of the
chine strips are 16° and 32° 47', respectively. The depths of the chine
strips are such that the latter angles are the same as those of the
surfaces having basic angles of dead rise of 20° and L4O° with horizon-
tally flared chines (refs. 1 and 4). The addition of the chine strips
increased the over-all beam of the models from 4 inches to 4.125 inches.
The coefficients used throughout this peper, therefore, are based on a
beam of 4.125 inches. A detailed description of the construction and
finish of the brass models is presented in reference 1.

APPARATUS AND PROCEDURES

The apparatus, procedures, and instrumentation used for this investi-
gation are described in references 1 and 5. A diagram of the model and
towing gear is presented in figure 3. Wetted lengths were determined
from underwater photographs and from visual readings in the manner de-
scribed in reference 1. A typical underwater photograph is shown as

figure L.

The aerodynamic forces on the model and towing gate were held to a
minimum by use of the wind screen described in reflerence 1. The residusal
windage tare was approximately 0.3 pound at a speed of 82.0 feet per
gecond. The proper tares were deducted from the measured drags to obtain
the hydrodynamic resistances. The tares for load and moment were negli-
gible.

The qguantities measured are generally believed to be accurate within
the following limits:

Ioad, 1b . . & & & v v it e e e e e e e e e e e e e e e e . . . 10.15
Resistance, 1b . . . . . . . . . . ¢ ¢« ¢ o ¢ v ¢ v o v o v . .. 10.15
Trimming moment, £ft-1b . . . . . . . . . . . ¢« . .+ . ¢ ... . +0.50
Wetted length, In. . . . . . . . . ¢ v ¢ ¢ 4 ¢ v ¢« ¢ o+ e . . . +0.25
Trim, deg . . &+ ¢ 4 4 ¢ ¢ o o o o o s o o s s o & o 4 4 « o+ . 10.10

Speed, FDS . .+ . 4 v 4 e e e e e e e e e e e e e e e e .. .. 40,20
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RESUITS AND DISCUSSION

The experimental data are presented for the angles of dead rise of
20° and 40° in tables I and II, respectively. In these tables, the load,
resistance, speed, wetted lengths, and center-of-pressure location are
given as nondimensional coefficients based on the over-all beam. The
lift end drag coefficients are expressed both in terms of the square of
this beam and in terms of the principal wetted area. As reported in
references 1 and 4, some of the 1light-load, low-speed conditions of the
test program were influenced by buoyancy. For the 20° dead-rise surface,
these conditions were deleted on the basis of the supplementary low-speed
program described in reference 1 by using figure 18 of reference 1 as the
limit for planing. For the 40° surface, all conditions were deleted
where buoyancy exceeded 20 percent of the total load as discussed in
reference k.

The data in tables I and II are presented in Ffigures 5 to 14. The
results of this investigation parallel those of the investigations re-
ported in references 1 to 4 in that the principal planing characteristics
are primarily functions of 1lift coefficient end trim. (See figs. 5, 6,
9, 10, 13, and 1%.)

The friction coefficients presented in figures 15 and 16 were calcu-
lated directly from the tabular data. All conditions where the possible
error in measurement could change the coefficient more than 20 percent
were omitted from the plot. The projected wetted area S was used to
determine the mean speed over the surface. The actual wetted area Sp,

including the inside faces and edges of the chine strips, was used to
calculate the friction coefficients.

In general, the variation of wetted length, center-of-pressure loca-
tion, and resistance follows the trends previously established in refer-
ences 1 to 4. The effect of change in dead rise on these planing character-
istics is similar to that found previously for the V-shaped surfaces with
horizontal chine flare and without chine flare (refs. 1 to 4). As for
the other surfaces, the apparent values of the friction coefficients at
the higher Reynolds numbers lie above the Schoenherr line for flat sub-
merged surfaces with fully turbulent boundary layers. As the models were
extremely smooth, this result is apparently associated with the method
of calculation and requires further investigation for a more accurate
estimation of large-scale resistance.

Comparisons of the planing characteristics of the surfaces reported
in references 1 to 4 and those of the present paper are presented in
figures 17 to 20. These comparisons are made at mean-wetted-length—
beam ratios of 1.0 and 3.0. The effect of increase in angle of dead rise
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on the variation of 1ift coefficient with trim is presented in figure 17.
Increasing the angle of dead rise from O° to 20° resulted in a loss in
1ift of approximately 27 percent, the actual loss varying slightly with
wetted area and trim. In like manner for the 40° dead-rise surface, the
decrease in 1lift was approximately 50 percent.

Much of the loss in 1ift with increase in angle of dead rise was
recovered by use of either horizontal chine flare or vertical chine
strips. (See figs. 17 and 18.) The vertical strips were the more ef-
fective of the two; the 1ift of the 20° surface with vertical chine
strips actually approaches that of the flat plate. The 1ifts of the
various surfaces are briefly compared with those of the flat plate in
the following table.

Percent of the 1lift in relation
to flat plate for mean wetted
Surface lengths of -

1.0 3.0
Flat plate 100 100
20° dead rise, vertical strips 90 92
20° dead rise, horizontal flare 85 82
4o° dead rise, vertical strips 80 77
20° dead rise 73 3
40° dead rise, horizontal flare 70 68
40O dead rise 50 45

The relative order of the lifting efficiencies of the various sur-
faces may be obtained from a comparison of the measured 1lift-drag ratios
presented in figures 19 and 20. Increasing the angle of dead rise de-
creases lift-drag ratios at all trims. The angle at which maximum 1ift-
drag ratio occurs is also shifted to higher trims. At the higher trims
where the frictional resistance becomes a smaller part of the total re-
sistance, the differences in lift-drag ratio become small and the ratio
approaches a value equal to the cotangent of the trim angle. At these
high trims the drag is principally induced drag which is equal to the
load times the tangent of the trim angle. The ratios for the flat plate
at high trims actually exceed cotangent T, presumably because of apparent
negative friction due to reversed flow forward of the stagnation line as
discussed in reference 2.

The modification of the V-shaped surfaces with horizontal chine flare
or vertical chine strips substantially increased the maximum lift-drag
ratios of these surfaces. (See fig. 20.) Although the addition of verti-
cal chine strips caused a greater increase in 1ift than did horizontal
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chine flare, the additional friction associated with the vertical strips
apparently compensated for the increase in 1ift, and the maximum 1ift-
drag ratios of the models with vertical strips were comparable to those
of the models having horizontal chine flare. At higher trims where the
friction forces are small the 1lift-drag ratios again approach a value
equal to the cotangent of the trim angle.

Since the deduced friction coefficients at high Reynolds number for
all the surfaces are generally parallel to the Schoenherr line, the same
trends would be expected at larger scales although the sabsolute values
of lift-drag ratios where friction is appreciable will, of course, be
somewhat higher.

CONCIUDING REMARKS

The results obtained from an experimental investigation of two
planing surfaces having angles of dead rise of 20° and L40° with vertical
chine strips show that the important planing characteristics are primarily
functions of trim and lift coefficient. These results are consistent with
those obtained with related surfaces having angles of dead rise of O°, 200,
and hOO; and for surfaces having angles of dead rise of 20° and 40° with
horizontally flared chines.

Comparisons of the planing characteristics of these related surfaces
show that the flat plate develops approximataly 37 percent and 100 per-
cent more 1ift than do the surfaces having dead-rise angles of 20° and
40°, respectively. Furthermore, the addition of vertical chine strips
increases the 1ift of a V-shaped surface considerably more than does
horizontal chine flare. Investigation of lift-drag ratios, however,
shows that this increase in 1ift by use of vertical chine strips is
largely compensated for by an accompanying increase in drag so that
the 1lifting efficiencies of horizontally flared surfaces are comparable
to those having vertical chine flare.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 16, 1953.
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TABLE I

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING 4 20° ANGLE OF DEAD RISE
AND VERTICAL CHINE STRIP8 ~ LANGLEY TANE MODEL 276B

Everago kinematic viscosity = 12.10 x 10'6 ftz/sec; specific weight of tank water = 63.4 1b/cu rgl

Trim,

< 0 o | | k| B, | % | %
deg a o % b b b b T b 8 8
2 0.78 6. 0. 1. 28 | 4. 1.80 | 0.042% | 0.019% 0.01 0.00
2 5.@% 16.% 2.2 1 2,02 3.31 u.gg 2430 +O424 0L .01 oozz
2 5484 16.28 2,16 | 2.02 ] 3.31 | 4.61 | 2.36 »Ol2l .0158 013 .
2 584 16.7E 2.:(L\z 1.99 | 334 | .70 | 2450 0422 .0132 .013 0047
2 5.84% | 16, 2, 2,06 | 3639 | W7 2,18 <0416 .01 012 0043
2 5.84 | 18,02 1. 1.07 | 2.37 | 3.6 1. +0360 0116 015 +00L9
2 S.84 | 18.03 1.31 1.07 | 237 | 3466 | 1.63 +0360 0122 .01 .0051
2 5e8% | 19.92 1. 56 | 1. 3.15 | 125 <0 o Nl .C051
2 5.8% | 19.62 1.75 . 1.82 | 3.15 | 1.05 .0 .0092 .01 .0051
2 5.84 | 19.68 1.gg 37 | 1.6 2,93 | 1.22 +0302 g%g .01 .0056
2 5.84 | 22, 2, 0 1.2 2.55 | 1.16 .02 . .018 0062
2 9.72 | 18.08 4,02 | L9k 32| 7.71 1 k9 <059 0246 .009 . az
2 9.72 | 18.14 o 4,80 09| 739 4. +05' 0 .010 .
2 9.72 | 18.1 L0% | 4,93 6.22 52 «30 .0588 ~02l 009 . Ez
2 9.72 | 21,2 3e3% | 1.99 | 3¢30 61 | 2,21 . 0146 .013 .
2 9.72 21"39 3.62 | 2,02 3. k61 | 2.56 #Ol2l .01 .013 .0048
2 9.72 | 21.42 3.% 2. 31 | W75 | 2.24 ~Ou2Y4 +01 .012 0042
2 9.72 | 24.63 2. 70 | 2,00 | 3.30 | 1.13 .0320 0096 .016 +0048
2 9.72 | 24.6 3.32 .73 | 2.03 3._?;2 1.25 +0320 «0102 .016 +0050
2 9.72 o7 3. 1.21 2.81 3.39 | 1.05 .0316 .0100 01k «0043
2 9.72 | 24.75 2.89 «56 | 1. «10 <87 R 0218 009k 017 .00
2 17.50 g&.gz 7:19 | 5633 | 6. «00 3.03 ~00L1 . .010 .
2 17.50 <63 7.1 SJAl | 6. 7.66 2 .0576 .0236 009 .0036
2 17.50 | 24.63 7 E' 6. 7+66 | 4. +0576 .0234 .009 .C0
2 17. 24,75 6.80 . 5.70 | 7.0 3.98 .0272 0222 .010 .00
I .78 <07 .19 .0 661 1. M1 Oh24 +0104 .0 Nol
L 1.9% 7.12 36| 1.3 1.80 2. 1.19 0766 <01l . .0076
4 1.9% 36| 1.2 | 1.82| 2.42 | 1.16 0766 +0140 .0h2 .
L 1.39 10.45 .gg .12 . 1.34 99 .03 . . .0093
L 3. .12 . 3.80 | kW, 09 | 2.62 A1 <0 .027 .0055
L 3.89 | 10.13 «70 | 1.02 | 1.66 2.&1 1.2 .ozsa .01 .C .0082
L 3'83 13.51 . o2 .8 1.k5 . . 0072 +050 .0085
L 5. 9.98 1.(2}2 3.90 | %50 | 5. 2,91 172 .0258 .026 .0057
L 5 12,56 1. 1,16 | 1.76 | 2.2 1.25 . .0132 +0h2 .0075
4 Se 16.74% 1.0 o2 82| 1. .61 <0416 . 051 +0090
L 9e72 | 10.7 2. 752 | 81 8.73 5.53 .1688 +039% .021 .
L3 9472 | 1641 1.70 1.2161» 1.9 2,62 | 1. +O7uk .0130 .g&e «0066
L 9.72 | 18.17 1.63 . 1.25 | 1.84 . .OEBB «009 oh7 .%a
b 9.72 | 21.24 1.62 2L . 1.4l #61 . ?5 oozg .053 . 52
4 17.50 | 17.37 3.73 | 3.88 k.gg 5022 | 3.2 <11 N .025 .
L 17.50 21.21 3427 | 145 | 2. 2.67 | 1.2 .07 L0142 .037 .0069
L 17.50 | 24.63 2499 . 1.07 | 1.76 73 .0576 +009 <054 .0092
L 25,28 | 20.70 .gz 3.36 4,62 | 5.28.| 3.32 .11 .0250 .02 +0054
4 25,28 | 24.78 o 1.82 L2 g.oz 1.72 .082% .0156 .0 +0064
1 33.06 | 19.68 762 7.39 +00 61 — «1708 -039% .021 <0049
L 33.06 | 23.52 7401 | 485 | 5.22 E 3.32 #1196 «0251 .023 +0049
L 33.06 .78 6.8Z 3.10 | 3.69 . 2.88 #1076 <0224 .029 +0061
6 .78 o 51 . .50 .89 1. «06 »0766 Kol . .0151
6 1.& 727 *39 o3 75| l.21 .81 0734 Reil <098 0197
[ Se 9.85 «97 | 2426 | 1.7 | 2.15 | 1.26 «1204% 0200 070 0117
[ 5.84 9491 1402 | 243% | Lo7% | 2.1 1,28 «11 .0208 .068 0120
6 5.84 | 12.53 <91 39 .78 | 1.1 };g .07 .0116 .09 0149
6 9472 9.32 1.3;» 5626 | 5.66 . 3o 22 . . .
6 9.72 | 10.52 1. 3.20 | 3.61 ] 4.02 | 2.56 .1756 .0326 . .0090
6 9.72 | 19.92 1.60 . . 1.21 .58 <071 0126 . .0128
6 9.72 | 16.02 1.25 . 6Z 1.26 «55 .07322 .0124% .087 <0143
6 17. 12.16 3. 5¢21 | 5. 6.06 | 3.93 .2 . Ol%2 .0083
6 17.50 | 17.k2 2.92 | 1.28 | .67 | 2.06 | 1.10 .117& 20192 »069 +0115
2 ig.ssg zl.ég g 5 o .82 1.3:‘}2 Zﬁ .g s .0122 .091 .gi

. N . . 62| 1. . . +0092 «092 .
] 25.28 115.“3 Eog 5e34 | Se 6.13 | 3.98 . 5&6 . 020 .
6 25.28 | 17, . 2,91 | 3.37 | 3.83 | 2.38 .16 .0302 049 +0090
[3 25.28 | 21.03 4,18 | 1.02 1.30 1.99 1.%3 .11 +0190 +076 L0l
[3 25, 2k, 11 ok 82| 1.21 . .0826 .01 .101 »0163
6 33. 14,87 6076 | 7456 | 7499 | 8.u2 ——— .29gg .0612 . &7 o
6 33. 17.03 6466 | 5.12 | 5.50 | 5.87 | 3.91 . . Mol e .
6 33. 19.92 6.33 2,99 | 3.1 | 3.8 2.38 <1666 «030% . +008
6 33.06 | 20.2 . 2¢55 | 2697 | 3439 | 2.21 +1608 +0286 «0 +009
6 33. 23.86 5.50 | 1.12 1.2;{ 2,02 | 1.1 1162 ~019% K <0124
6 . ok, 5'33 1.05 | 1. 1. o7 .1076 <0174 .075 0121
6 <62 | 18,02 9. 7e32 | 774 | 8.14% e «299L . .039 .
[ 48,62 | 20.28 947 | 5.09 | 5.51 | 5493 | 3.9% «236% N 043 +0083
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EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 20° ANGLE OF DEAD RISE

TABLE I - Continued

AND VERTICAL CHINE STRIPS =~ LANGLEY TANK MODEL 276B

NACA TN 3052

T | om | k| k] | o o %
deg b b b b b 8 8
6 48,62 2h.%g 8,8 2.76 | 3.17 g. 2.70 | 0.,1642 | 0.0298 0,052 | 0.009%
e | &if| 2z || Lo | Leg | g | | BB owoseh | 3| o83
K 6%.%3 23.33 12.%2 73 san | soe3 | 2| 13260 .gggg .ggs) .gggg
12 1.9% .EZ M1 .73 .33 1.02 .58 | .1676 .0356 <193 0409
12 1.? 7.15 2 .12 .19 .38 .32 .0758 0164 «399 0868
12 5.8L | 10,07 1.33 .gg «56 .75 .32 1152 .0262 «206 OL6
12 5.84 | 12.25 1.3 L0811 . «51 e .0778 .0178 +268 20614
12 S.84 | 12.53 1.2 +19 . . «26 .0 .0162 .196 0L26
12 9.72 9425 242 1.09 | 1.28 | 1.47 :IN .2272 052l 177 +0L409
12 9.72 | 10.73 242 .gg .67 «97 +61 .16 .0388 252 .osgg
12 9.72 | 16,13 2020 . 22 ol .26 0748 L0170 .29 .06
12 17.50 .71 4,26 | 4,07 | L. L L5 | 2,76 461k L1120k .1 0264
12 17.50 9.52 L,23 | 2.83| 2. 3.15 | 2.06 .3862 .0928 129 .0310
12 17.50 9.61 4,18 | 2.72 | 2. 3.65 | 1.92 «3790 0906 AN .03
12 17.50 | 12.31 Lok | 1,16 }-1.2 1.50 | 1.16 .2310 0534 172 ,.039
12 17.50 | 12.31 L08 | 1.07 | 1.26 | 1. Bl .2310 .og&g .183 .oh27
%g i;.gg ig.gg h.%g 1.g2 1.20 1.73 92 .§§9M :3296 .%g% .8§5o
12 17.50 | 17.19 a.oo .3 .EZ .gg 29 .11 .0270 .257 .osgg
B %R A% wduw| B k] B Snh | one | on | couls
2| pR| R SRR R B E| 8| o | @) &
12 25,28 | 24.72 g.92 .33 .28 .Zg 29 .0828 019% 296 .0693
12 33,06 | 11.96 .07 3.22 4,07 | .22 | 2.76 622 1128 11k «0277
12 33. 12.25 7.3{ 3. 3.70 | 3.9 2.37 . 21062 .11 0287
12 33.06 | 14.93 7. 1.74 ) 1.92 | 2. 1.37 «2966 .0702 W1 .0

12 33. 17.2g 7.77 | 1,02} 1.18 | 1.3 .81 .2222 .0522 .188 JOll2
12 33.06 | 19.6 7.56 .68 .87 | 1.06 .52 .1708 .0390 .196 .

12 «06 | 2k.09 7.43 .g? .52 .68 .82 <1140 .02 219 0492
12 £2 | 1u.42 | 11.92 | 3. 4,01 | .19 | 2.88 14676 .11 2117 .02
| OSSR NS RS NE | 2R | S| a8 |
12 L8,€62 | 24,12 | 11.25 .sg o7 .92 .61 <1672 .0386 226 +0522
12 64.18 | 20.72 | 15.15 | 1.7+ | 1.9 2,11 | 1.40 «2990 +0706 <155 '8&66
| S| e BB | LR | g BR | SR | S8
12 79.74% | 18, 19.67 | 3476 | 3.9% | We12 | 2.73 47?252 1172 121 +029
12 79.74 | 20.59 | 19.10 | 2.73 ) 2.95 | 3.15 | 2.01 .3798 .0910 129 .0

12 79.74 | 24,63 | 18,47 | 1.31 } 1.50 | 1.70 | 1.16 2628 .0608 .1;2 o E
12 79,74 | 24.75 | 18.5 1.26 | 1.50 | 1.7% | 1.10 .2 0606 o1 .

18 S RS S| B s | B | | k| B Bn
18 .78 3.51 29 .og .19 . — .0766 .0288 403 .1516
Bl | IR OB iR R | B RE| 2| R | e
18 1.9% 8.15 .62 «50 .hg .76 o3k +225% 0764 .ggu .1213
18 1.gt 4,81 62 o3k . .zg 27 .1676 .0536 . #2116
1g ‘g.eu 3.56 1.9 1.@8 1.2% 1.80 1.g3 .3333 .17 6 .gﬁg .gggs
1 . W12 1.9 . . . .52 .2 .0782 . .

18 5.8k 9.91 1.91 .03 .2 39 .1 .1190 .0388 .z%g .1687
18 9.72 9.22 3.21 AN .5 .70 . .2272 0752 . .1Eu3
18 9.72 | 10,7 3.20 24 . .5 27 .16 0554 431 <1021
18 17.50 8.71 5.89 | 1.70 |- 1.82 | 1. 1.22 J61l #1592 «2593 .oagg
18 17.50 8.71 5492 | 165 ] 2.76 | 1.89 | 1.26 L1l #1562 «262 .08
18 17.50 9.52 5.3; 1e26 | 1.37 | 1.47 .98 .3862 .1310 .282 0956
18 17.50 2,58 Se 1.18 1.22 1.45 | 1.05 #3814 +1280 «289 0970
B | Um|| an| 3| 2| 5| R HE| % | oB | o
18 25,28 | 14.69 g.hl H6 'Zf .70 «53 .23h2 +07 L0k +1345
B mR|RE k| R CH| & 3] HE| SR | A
18 33.06 11.g§ 11.17 1.gk 1485 | 1496 | 1435 14798 .1223 «259 .0876
18 33.¢6 | 1k, 11,01 .82 .93 | 1.0 .72 3002 +1000 °323 1075
18 33.06 | 19.56 | 10.96 27 42 . 036 21728 0572 a1 .1362
18 26 | 24.78 | 11.10 .12 .26 . 22 1076 .0362 Sl .1392
18 62 | 1451 | 16423 | 1.5 1,78 | 1.92 | 1.22 4618 1542 .2 0866
18 48,62 | 15.10 | 15.23 | 1.2 1.22 1.4 «91 «3752 .1252 .2 0948
18 48,52 | 20.69 | 16.10 . .61 o7 43 »2272 .0752 .372 1233
18 48,52 | 20.72 | 15.38 . «58 «73 40 2264 . «390 <1283




TABLE I - Continued

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 20° ANGLE OF DEAD RISE
AND VERTICAL CHINE STRIPS - LANGLEY TANK MODEL 276B

T [} C C. 13 i 12 13

S| P YRR RE] R R | |
18 48,52 | 24,09 | 16429 | 0.21 | o. 0.9 0.24% | 0,1676 | 0.0562 0.4 0.,1519
18 8,62 | 24.15 | 16.L5 «29 m.m .ww ) .1668 0564 wwm . ompm
18 64,18 | 16,52 | 21.37 | 1.65 | 1. 1. 1.22 46L8 -1548 264 .0880
18 64,18 wo.mw 21.25 :m 35 | 1.05 .61 «2970 «098% 313 .wwww
18 64,18 | 23.83 B.Nm . . wo 40 «2260 07 «383 .1
18 7974 | 13,42 | 26,9 1.5 1.7 1.89 | 1.25 4700 o1 267 «0902
18 7974 | 20456 mm.wm 1.1 1e32 | 145 .99 37 2124 «283 0942
18 7974 | 23.10 | 26. .73 +85 wo 62 +2988 +1000 «351 .1176
18 79.7% | 2449 | 26.51 «60 .75 ww 52 .2660 .0884 »359 1179
2k .78 3496 .28 2 .30 . o~ 1666 0604 «555 «201
24 .78 m.mo .32 .10 .19 27 — 1146 0470 . w <2l
24 .73 *53 ww 902 11 .1 — .0760 +0320 . «2909
2k 1.9% 2.92 . 1.09 | 1.18 | 1.2 8 543 .1882 «385 «1595
24 1.9% 3.27 71 .76 .8 95 —— .3630 21332 427 mem
24 1.9% m.mq .82 .80 .8 97 .67 .36 . www 412 1
2k 1.9k 12 «73 .27 m.m 50 - .22 K Nmm «220
o2k 1e9% bol «82 ) . mm - . 2254 0954 470 »198
2k 1. Y, .72 <19 1 . —— .1656 0616 534 +1987
24 1.9% b, 9L .83 .l mo Ml —— +1656 0710 .552 <236
24 Se 5ebk 2,57 .7 +87 <95 67 « 3672 +1556 422 +178
24 9.84 7496 2452 .w.\ 45 «53 mw 2344 .1012 .m_mpo «2249
2% 9472 7.21 L, 36 .76 .fw . . « 3740 .1680 . 1976
24 9.72 9.10 L,21 .37 . . .39 2348 L1016 489 <217
24 9.72 | 19.57 L. 24 WAl .27 Al .20 .1708 07Uk .633 .27
24 17.50 8.56 776 | 1.16 | 1,26 | 1.36 <76 4776 .2118 wﬁ .16
2% 17.50 9.55 7.78 .82 .89 97 .52 .3838 .1706 mmp #1917
24 17.50 | 12.2 w.mm «37 k46 56 26 .23 +1030 .507 «2239
2k 17.50 | 17. 7. .10 .21 o34 +09 .11 .0510 «55% 2429
24 17.50 | 21.54 7+65 +9% .16 .27 . 07 .0330 471 «2062
24 25.28 | 11.56 | 11.29 +80 .88 <9 . «37 +1690 &30 1920
24 25.28 | 13,0% | 11.20 «58 .68 . . 2974 1318 ..mw .1938
24 25.28 | 181 | 11.13 N 48 .56 .32 .2 .101% . «2112
2l 25.28 | 17.%0 | 11.97 .1 .27 g «20 .1570 .0732 .618 «2711
24 25.28 | 20.72 | 10.93 .10 .21 3% .12 .1178 .0510 »561 <2429
2 33.96 | 1149 14,72 | 1.0 1.18 | 1.21 .Nm JHEUE 2068 .393 +1753
24 33.06 | 1%.9 14,61 o5l .67 .Nm . .29 .1306 sy .1949
2k 33.06 | 19.46 | 14.48 24 o3 RisS .2 o1 076k mmm 2315
24 mm.om 2k.53 | 14.35 12 o2 .37 o1 +1090 Nt . 21975
24 62 | 14.33 | 21. 1.02 | 1.12 | 1.21 .84 47 »2106 A2 o1
2k 48,62 | 16.92 | 21.% +80 rm .49 4N .37 +1690 ok .18
24 48,62 | 20.6% | 21.52 «39 . « 5t ~—— «2232 «1010 475 »21
24 48,62 | 24.33 | 21.53 21 .30 .38 o1k 1642 0730 o5 .2433
24 64.18 | 16,74 | 28,80 | 1.99 | 1.18 | 1.26 .76 4580 «2056 m\w 21742
2% 6,18 | 18.42 | 28.87 .8 93 | 1.02 .5 <3784 1702 407 .1830
24 64,18 | 20.72 | 23.91 . 67 76 . «2990 <1348 LLE .2012
24 64.18 | 20.79 | 28.50 .56 .66 .76 .35 .2970 .1318 50 1997
2l 64,18 | 24.37 | 28.29 o3 45 .58 - .2162 +0952 470 «2070
24 64.18 | 24.9% | 28,17 o3 49 .56 —— « 2064 0906 ol .2013
24 7974 | 18.5% | 36,001 1.09 | 1.20 | 1.31 .76 L4640 22004 .387 275
24 79.7% | 20.4 ww.or .mm 9 1.02 «61 +3820 1722 h11 .1852
2% 79.7% | 23.1 .13 mm N3 .73 L5 2578 <1352 465 .2109
2u 79.76 | 20L.8k | 36.0 . .55 +63 .39 «2584 .1168 470 ~224
30 .78 4,50 N .05 .12 rm - .0738 Ok .615 «3450
30 1.9% Lel5 1.10 37 43 . .18 «225% 21272 <524 .2958
30 1.94 L, 75 1.10 o2l «31 .37 o2 1720 0972 «55 <3135
30 3e 6491 2429 .21 27 mw .1 .1630 0960 .60 3556
30 5.8 7.12 3.0 «39 oLl . .09 «230% o134y .52% «3059
30 5.84% | 10,12 3433 .12 .17 o2 ~— .11%0 .9650 671 »3324
30 9.72 7+21 5.51 .78 .82 .87 .ww « 3740 .2156 456 «2629
30 9.72 9.22 5+50 .31 .37 o w +2286 L1316 .618 .3557
30 .72 | 10.78 5454 21 29 .37 .08 <1672 L0954 577 .3290
30 9.72 Hmww 5.28 .05 .12 .19 .01 .0 .0352 ﬁo «2933
30 17.50 mm 10.23 .89 97 | 1.05 <59 4578 27N 482 2319
30 17.50 9. 10.10 .70 .76 .82 ol «3766 2074 495 .2861
30 17.50 | 12.62 | 10.0% ww RO 48 .17 .2198 +1262 .511 «2935
30 17.50 | 17.5% 9.91 . .1 .ol .11 .1133 O6LL .11 02
30 17.50 | 21.54% 9 .10 17 24 <06 .0754 0422 .mww 175
30 25.28 | 10,36 | k.61 | 1.02) 1,07 | 1.1 .61 JL710 .2722 R +25h1
30 25.28 | 14,93 | 1445 .34 RS .3 .16 2268 1296 .mmm +3161
30 25.23 | 15.02 | 1L.L5 .39 .rw .50 .19 .2242 .1222 RiEL »28kj
30 25,28 | 17.42 | 1%.36 .19 . .37 .21 1666 096 575 .3
30 25,28 | 20.59 | 1v.24 .10 .17 .24 WAk .1182 JOE56 695 .39




TABLE I = Conoluded

EXPERIMERTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 20° ANGLE OF DEAD RIBE
AND VERTICAL CHINE STRIP8 = LANGLEY TANK MODEL 276B

Tl‘ili, 1 4 i
¢ C c
aoe a v | @ | B % = %Ly, %, Ly
30 25,28 | 20.79 | 146 0.08 | 0.16 | 0.2% | 0411 ] 041170 | 0.0676 0.7
2 3;% 18| s R AR I ese | B E%
.% 1' 18l » L ] .6 L ] L] '1 '52
B BE|BE BB R | | ) B2 AR R
33.06 19.gl+ 18.52 . . 37 16 .1(3& N «58
% 33,06 | 15.82 | 18.62 o2 N .37 o1l ol 09&3 43
30 3%82 19,89 | 18,67 . % ? W12 1672 094, .539
n 33. 23.40 | 2B.79 o2 . . 12 . 0686 .
R | Bl s gy | 2 WA | LE | o] Glsh | etk |G
88.62 | 1u60 | 28029 | w87 | 93| o9 | .57 | hsez | 2w | tuio
D EgnE| R % B | |
30 B,62 19.glr 28.11 . .Eo zg . zﬁ 1kh2 1;39
0 18,62 20'7& 2.33 » 34 D . .19 . .12?5 547
3| BE| k| vy | a3 | d| a8 88|
2 | aush| ks | B | 5| wd| i | 8| Aew| 8|
Y 0‘4‘.18 2“:"&% 30-99 USG '.‘ -6‘ '35 |M“ili‘ '16HD -52‘0
gu.18 | 2k WOl ot | mi| wE| 33| A 12 S5y
% ?9.71" 18.g§ Eg.l"& 037 1.02 1007 -’2 l%m .2‘?08 QE%
.p 7907"" 20, "‘601 - bt - badtnd c37 02162 -
m 79-?1'|' 2‘1’-?7 "|‘6-08 ""ll' -50 .56 —— . -1502 1520

260¢ NI VOVN



NACA TN 3052

TABLE II

EXPERTHENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 40° ANGLE OF DEAD RISE
AND VERTICAL CHINE STRIPS - LANGLEY TANK MODEL 277B

Average kinematic viscosity = 13,50 x 10°¢ fta/aec; specific weight of tank water = 63.% 1b/on f%]

oy
13

Y
5mmmmmmmmmmmmmmmmmmmmmmmmmmmmmr:::rrr:r;r:r;:rrr:: gﬁ

1.9% 9455 65 oM | 1. . 1.19 «0426 0152 «02 .

3.32 10,21 1.22 1.97 3.3 E. 1.93 0746 .0234 .02 .m
Fe8 12.& 1.76 | 1.70 2.18 k.gz 1.93 0724 .0218 .02 0068
9.72 | 12. 3.16 | k.61 Ja8 | 7. 3.82 <1186 .0 .01 <0062
9.72 | 13.52 3.15 «27 | 5.78 | 7.27 | 347 <1064 o) +01 o

gg.;. 13.52 g.%g ;;.1 g.72 .gg ia.l;g (1)7022 g_zalgg .%9 '%é
9.72 | 1 92 2.9% | 1.6 310 | 4,56 | 1.90 <074l 0224 «02! «0072

92| 250 3.88 ) 1.25 | © 0278 0172 «02 «0072
9.72 | 21. 3. 4| 1092 32 | o9 | ouze | o1 022 | loo7o
9.72 | 212 3.k | .58 | 1093 3028 | 97 | lows2 | o1 023 | o070
17.50 | 17.37 | 5.5 | wobs | 603 | 7076 | woed | i1vea | oS 018 | o058
17:50 | 213 515 170 | 3223 herg | 2:00 0763 «0e28 | .o | loofo
2| 2R | rzlve) ) 2l B8 ad | o8 | 88|
HEIRIETIEIEIEIE IEIE
1ok | oot 55 | 256 | 1eea | aie | 3 0 20212 b | lorz
38| b 95 | 3:05 | bidL | g z.gz 1672 | oko8 | .oua | lorda
3.85 | @88 96 | 176 | 2:68 | 361 | i J162 | L0286 ‘43 | lotoy
3.85 | 30020 [ 89 | 53| 1o | Bz | tiAe | : woizo | - o113
5.86 | 0.0 | 104 | 1065 2.39 | 3.3+ | 174 | 168 | oz ﬁg -0185
5.84 | 10001 1.3 [ 145 | 202 | 3.39 | 1065 | 166 | ‘o8 | - o115
:5% (10,07 [ 18O (15| 2036 | 3027 | 1092 | awp | lo3%6 | cous | omad
372 ig.% 233 [ 33| haze 3116 267 | w708 | . 1o | low -0t
972 | 10003 | k|G| 9| 5:55 | 2092 | 1688 | lowie :033 <0091
$h5|16ad| 2B | B 18 ] % s | | a3
- - 2. L] L] L) - . - » L)
17.50 | 12.16 37 93 | 6.86 «76 | b.25 »2366 +0592 «0 o
s T I A
17:30 11592 20 | 3 :sg 5.18 | 2082 | 116 0x8 | - 9% 0093
7.0 | 7. [ 3 | 335 | 2l 23| k| 0260 | o7 0108
17.50 | =21+ : 5 153 2 77 | o750 | o166 | tous | o1
17.50 | w72 | .38 [ (3G | 1037 [ 2138 | 66 | 0%y | o1 ‘o2 | lomg
17.50 | 2478 | We23 | 2w | 3339 | 2% | le8 | lo%%0 | loids [ ~0126
25.28 | 17.k2 | 6.2 | 3052 | w7 | 5o | 293 | o3 . 1037 | 0090
2528 22331; 5.72 | 1. Zg 51;3 Ry | sz | o2 067 | 017
Boae | 2| 852 sida | 638 | 5.3 425 | . 0 0% | o083
B n) 5| ke o B ) | |
06 | 275 | 2020 | 1057 | Sk | 3 1.33| 1082 | los 05 | so1m1
HEE G 1 IR IR
o0 | 832 :zg 3% | 1.2 2:09 | 1209 | 122 w62v | b1 | o3z
1.9% [ w15 ( 4B [ 1.32 1 1060 | 2007 | 1020 | 2252 | lose8 | 1 | o9
1e9% .2 «50 | 1.05 1.g3 2,00 | 1.08 «2190 «0 143 +0369

Se 5461 1e 3. 2.00 . «0928 <117 «0292
5.8 5.61 l.zg 2.72 | 3.20 | 3.6 1.97 3712 «0966 236 «0302
5e8l 7406 1. 1.4 | 1.61 | 2, 1.2 «234 . .16 . oasu
548% 9.98 1. 21 69 | 1.16 .38 1172 .0288 <170 +OL!
5.84% | 10,01 1451 21 «69 | 1.16 «51 «1166 +0302 <169 .
5.8 | 10,01 1.53 21 . 116 52 <1166 «0306 +169 .
9.72 715 2. 2,96 | 342 | 3.88 | 2.22 +3802 09 <11 +028
9.72 9 2.1#3 1.21 | 1466 | 2411 | 1.02 +2286 .Oz% .138 .O&Z
9¢72 | 10,70 2.1’3 . 1.07 | 155 | ..68 .1223 0432 .1{9 .
9.72 | 10.82 2, 611 1,13 2, z 7Z o1 «OL2Y o1 .8375
9.72 | 12,85 2457 <19 72 | le2 . .1178 0312 o1 .0l33
17450 8,62 57 | W25 | 4.73 21 | 2,98 4710 21230 .100 +0;
17.50 9.50 4,51 | 3.03 | 3. «00 | 2.21 «3878 «1000 . .0
17.50 9.55 L.50 | 2,99 | 3.11 | 3.83 | 2.15 . +0986 113 «0289
17.50 9e 4,52 | 2,91 1 3. 3.83 | 2.27 . +09 113 «0291
17.50 { 12.19 o37 | 1.2+ | 1.83| 2.43 | 1.15 <2356 +0 .129 030

13
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NACA TN 35052

TABLE II - Continued

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURPACE HAVING A 40° ANGLE OF DEAD RISE
AND VERTICAL CHINE STRIPS -~ LANGLEY TANK MODEL 277B

Trin, 3 t 3

¢ —s -2 X hi) Cp Cy, )
ads s “ » b b b b iy b S s
5| %% ii'ég g | 1o00 13| 252 | 13 | | oodke | v o3
AR R e I A
12 ?}:zg o el | 28| 3258 3.57 | 159 | -3wE | -odes 12| .0288
12 25.2g 1k, 7 2.51 1.% 1.7 2.2(6) 1.2; .ﬁ% «05 .i3l+ .0310-‘{
1 .28 | 17.2 .3 . 1. 1. . . . . .
1% %?.aa 13. s.ﬁg .53 1.83 1.55| .71 2682 | o428 a62 | Lofd2
iz z;’.gg 223.73 6.29 .g o7h i.g 35 .ﬁ&h .0300 .iso .
15 2258 | Ay e | X 4 vl a1 0296 :133 OLL8
12 3.06 | 1ll. 8.59 | 4.07 | 4. 5.0 3.32 L4740 21232 o1 «0270
12 3.06 | 11.93 | 8:59 | waz| u. Jb | 2. . 1208 2200 | .0261
3 %%82 1232 855 e | wik| wisd 2 | ohiee | 3%%e s | %
12 33132 iazh g:g 2:32 3:§ 3232 3:30 3818 .83& | 0o8
15 3 | 12 57 | | 3w | 33 | 248 o | 10%s 22 | oms
12 33. 19.77 8.1,;47 60| 1.09 | 1.55 73| oz | .ou2b 55 | <0393
12 . . 8.5 .a7] 69 1.2l | 47 ] 1l | o284 g6 | .
12 W62 | 14,36 | 12.75 | %.27 | 4.63 | 5.05 | 3.03 .uwg 21245 .03 | 0267
13| s | 1608|1258 See| Ry G| 2B | F | % | | %
AR EaE e e d ke I (AR
12 .62 . 2. . . . . . . . .
12 64.18 | 16.53 16.53 4,00 | W45 .gg 3.02 % 1232 o1 «0277
] gl et | 1% 3'1% aror | 2090 | aora | oses :}.gg 053
12 6418 | 23.43 | 16.655 | 1018 | 1266 | 2.13 | 1018 | 2338 | =060 i | o3l
12 €4.18 23 16.39 | 1.07| 1.60 2.%2 136 | . .0582 a2 | .0
12 64.18 .78 | 16.52 | .90 1.531 1. .01 | . 0538 3 0376
12 79. 18.63 | 20,76 | “e02 ] Lo50 | 4.97 | 2.96 59 «1196 2102 +0266
iR A AR R eI A
12 729:7% | 23220 | 20041 | 1.8k 21&2 2:29 1.69 | 2962 | .07 120 | 20307
12 79.7% 2’2.63 20,28 | 1.50 | 1.98 | 2.65 | 143 | 2628 | .06 2133 0337
%g 7%.9711: 2#.39 20.22 %.;2 ;.(9)3 g.lﬂ ilg 36511,2 .gsssg éz% . gg

. 2.92 . . . . . . . . .
18 1.9k 221 69 | 1228 1.2 1.?3 1.30 | .3766 | a0 21 | L0859
18 1.9k a5 . 6] . 1.1 214 22252 | .0766 . .0912
18 1.9% 21 67 . <81 | 1.08 .62 +2190 +0756 .270 +0933
18 T.ou 2 6 53 . 1.2 | <62 | <2290 ] .07 261 | .
18 1.9% L.21 6 .5 . 1. 69 .2190 .0768 .270 +09L8
%g log}: t.gi .Zg o3 .6§ .87 61 .%2;6 .0 270 .g3
18 1'31': 4,81 .65 .ESE <62 .89 .Eg 1676 0562 «270 -33(1)2
18 5. s.38 | =2.02] 1. 1.72 | 1299 | 1,08 | ko 139 222 0812
18 5.8 | 7.35| .99 . . 1.1 65 | <22 .0778 . <0905
18 5.84 7.21 2.01 . .87 | 1.1 .72 +2248 .0 +258 .0890
18 5.84 | 9.91 | =2.03| .08| o .72 2| 1190 | .ouiw -207 .10;2
18 9.72 7.21 3039 | 1e28 | 1.56 | 1.83] 1.0 37120 o1 . .08
18 9.72 | 9.00 | 3.34| "3 92| 12| T .2394 | <0822 .260 | .089
ig lg.gg 12.852 g.izl; 2.0311; 2.% z.gz l.g; tweg .g 7g .272 093
18 17.50 | 865 | 6.05 | 1.82] 2.30) 2.37 ] 1283 | &7 | l1é%8 203 | 19935
| ER|R| o8| S bR B pe) | ) e
18 | 70| 1083 | edd| e | 1| 1| 2| BR| 3ok | 3| 3
18 37.50 | 12.25| é6.03| . . 1.% | .68 | 23312 ] . 271 | <0935
18 17.50 | 12.2 77 .68 gg 1.2% — '2382 «0770 243 .0802
ig }.;558 ig.eé g.g 7 . 1.%% +58 ]z:% | m 262 8338

. - o .12 . . . . s . .
18 25:38 | Tousa | 8:79 | 158 2208 2.3 ol ) 11588 228 | L0778
18 25.28 | 13.07 i sg 1.7 1. 8] i25 1020 zga .oezg
18 25.28 | 16.81 | B.73( . 8| 1032| 61| .2 0796 . .09
AR IR AR I
18 33. 112% 1. 2.02| 2:30 | 2.57 | 1050 | ues2 | 1632 . -0710
| BS| BE R R DR DRIAR) CEE) g )
18 33, 13153 15| M| 59 97| 8| i708| o592 | .2v7 | -o8%B
18 33. 2,06 | 11.6% 12 43 73 +30 1142 . .2 0937




NACA TN 3052

TABLE II ~ Continmed

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 40° ANGLE OF DRAD RISE
AND VERTICAL CHINE STRIPS -~ LANGLEY TANK MODEL 277B

Trim, 1 1 1 !
<, Y < - s 5 2 ) G %
deg A Cv CR b b b b cLb b 8 8
18 48,52 | 1%.36 | 10.5 1.57 | 1479 | 2402 | 1.26 | 0.4716 | 0.1610 0.212 | 0.9899
18 48,52 | 1k, 16.9 1.zZA 2.22 | 2. 1.52 RN .1 212 <072
18 48,52 | 16. 16.86 | 1. 1.71 | 1.96 | 1.14 .3798 .13 221 .gg
18 52 | 17.82 | 16. .gg 1. 1.53 .81 «3062 . 247 0843
1% .22 20.52 {g.so . .2 1.1; .gg .§ 03 i3] .253 . %g
18 28 BB 359 | 1 | 2130 | otk 1:50 | igag | 1 213 | .ore
18 A8 | 16.52 | 22.1 1.79 | 207 2.Eh 1. . .1 .22 0775
18 64,18 | 20,73 | 21.91 .go 1.17 | 1.4 .80 +2986 L1013 .25 .0871
18 64,18 | 20. 22.01 | - .6g 1.17 | 1. .75 .2970 1213 .2 0871
18 .18 53.51 21.72 . .g% 1,18 .56 .2302 | .0779 247 .0838
18 o1 09 | 21.55 .53 . 1. 48 .2212 0746 «273 '8321
18 64,18 | 24,51 | 22.13 5 851 1.12 «53 «2120 0731 o .0860
18 79.74+ | 18. 27.57 | 1.9% 2.20 b4 | 1,47 4716 1636 .3%; .073?
18 79.74 | 20. 27.;Z 1.4 | 1.5 1ok | 1.11 .3778 «1310 .2 .0766
18 79.74 | 20.52 | 27. 1.4 | 1,71 I‘Zﬁ 1.11 .37 .1313 .221 +07!
18 79.74 | 22.98 | 27. . 1.7 | 1. .82 -3020 1345 .258 .0893
18 79.74 .58 | 27. 73| 1,01 ¢ 1428 .sg « 2640 s .261 .oggg
gh i.gt a.ig . .92 1.%1 1.29 '35 .gg%g .iggg '326 .1u99
2 1.9% | .72 % I i8] | 2| dEI| ovn 33| 17
24 5.§t *53 2.61 .g% 1.%h 1.33 'ZZ '2328 .ig5° . g .isgg
2 ot ol IR A B o o 3 sg | 32| 1is6 | o 353 | a8
24 5.8% | 10,01 2,70 17 . o5k .32 .1156 .0538 .32 “o1h9L
24 5.84 12.52 2.gg 0 .1 .37 —- . .0352 .ago .1875
24 5.84 | 12,5 2. 0 .1 .;g - . 0354 . .12%
24 9.72 9.32 . W41 50|, R .22 .1012 .37 .1687
2& 9.72 13.26 h.gg 1.2h 1.;; 1.;2 .33 .16 .gzgg .%02 .igga
N 080 | o8| &AL tieg | 137 L3 7z | iz 1332 | 1520
ARy I e R W R o i ) i
2 . * ¢ - m~ne | - - e . 0 ——- ———
24 17.50 | 12.32 8,01 *39 52 .85 .38 .23 1056 .372 .1782
24 17.50 | 17.23 8.15 . .Eg .59 .23 21172 05ké . .1
25.28 | 10, 11.20 | 1.29 | 1. 1.55 .9 4710 . .323 1430
24 25,28 | 11.5 11.55. <97 1.%2 1.83 o7 .29 21738 .33 1511
ok 25,23 | 1L,7 11.47 . . .87 k3 «231h .1050 .351 .1521
24 25,2 15.08 | 11.%0 39 62 .gg W41 2224 »1020 .339 .185£
2% 25,2 17.48 | 11.50 .19 41, . «30 .1653 0760 . .1 %
24 25.2 20,67 | 11.31 .05 .Eg <61 .2 .11 .0530 «359 .16
2L 33 11.96 | 1,98 | 1.23 | 1. 1.55 .9 L4622 .209 . J1h3%
24 33. 13.07 | 15.06 92 | 1.13 1'83 . .38 £1764 M2 .1 h%
24 33. 1,73 1 .gg L6 .gs 1. #5h% .3033 136 .3ég .%g7k
33. 14.90 [ 15. 53 81 9 .53 «2978 .1353 .36 -167%
24 33. 18.2; 1k.85 .32 «55 w7 32 .203k | .09l «370 166
24 33. 19. 14,95 .19 R . - 21692 .07 13 . 682
g: %3. 31'83 ig.gg .ig .3% 61 o2 .i;gg .0530 \%70 'i "
24 b2 | 1,30} 22.20 | 1.35 1.Eg 1. «99 L4756 2172 .319 1458
24 L8,62 | 1%.33| 21.89 | 1,33 | 1. 1.6 .96 L4738 £2132 . .1 g
24 8,62 | 1949 21.75 +90 1.08 | 1.2 .70 » 33 .1702 .355 .157
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Figure 1.- Sketch and cross section of Langley tank model 276B.
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Figure 2.- Sketch and cross section of Langley tank model 277B.
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Figure 3.- Setup of model and towing gear.
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Figure I.- Typlcal underwater photograph.

02

260¢ NI VOVN



NACA TN 3052

8.t T
P
8.9 ~&r 6° Trim, T
/ ) o "%“
[o] A 12
o 18
7.2 N2
/ s
2° [ /
6.8
T
6
~ [ [
6.0 i 7

F5
s}

P R
——

o e

4,0 r

3.3 / o)
/ )4
2 [ 4

e
L
]

Db\B

W

B D» 2 .’ R 36 H M u8 52

Figure 5.- Variation of mean-wetted-length—beam ratio with 1ift
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Figure 6.- Variation of mean-wetted-length—beam ratio with 1ift
coefficient for 40° dead-rise surface.
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